Haemophilus parasuis is a common cause of polyserositis and polyarthritis in swine. Little is known about the mucosal and systemic sites of replication and lesions which follow an aerosol exposure to H. parasuis. In this experiment 5-week-old cesarean-derived, colostrum-deprived (CDCD) pigs were inoculated intranasally with an inoculum containing 2 x 10 9 colony-forming units of H. parasuis. Two principals and one control pig were necropsied at 12, 36, 84, and 108 hours postinoculation (PI) and samples obtained for bacteriologic culture and microscopic examination. Inoculated pigs developed clinical signs of inappetence, reluctance to move, lameness, and a serous nasal discharge. Macroscopic findings included a fibrinous polyserositis and polyarthritis 36 hours PI which became progressively more severe at 84 and 108 hours PI. No lung lesions were grossly visible. Microscopic lesions included a mild purulent rhinitis at each post inoculation interval and fibrinous to fibrinopurulent synovitis and serositis at 36, 84, and 108 hours PI. A focal suppurative bronchopneumonia was observed in one pig examined at 36 hours PI. The nasal cavity and trachea were the only mucosal sites from which H. parasuis was reisolated. Haemophilus parasuis was isolated from the blood and systemic sites at 36, 84, and 108 hours PI. Findings presented indicate that intranasal inoculation of 5-weekold CDCD pigs with H. parasuis results in clinical signs and lesions of polyserositis and polyarthritis typical of field cases and is a useful model for the study of H. parasuis pathogenesis. The results also suggest that H. parasuis initially colonizes the nasal mucosa.
Haemophilus parasuis is a common cause of polyserositis and arthritis in swine and is often referred to as Glasser's disease. 12 It is most often considered a sporadic, stress-associated disease of young pigs in conventional swine herds. However in naive herds, H. parasuis can result in severe disease with high morbidity and mortality in swine of all ages. 5, 14 Disease caused by H. parasuis is also important in herds infected with porcine reproductive and respiratory syndrome virus (PRRSV), and H. parasuis has been isolated with increased frequency in the upper midwest since the appearance of PRRSV. 8 In addition to its role as a causative agent of polyserositis, H. parasuis can be isolated from the nasal secretions of apparently healthy pigs and pigs with rhinitis or mucous nasal discharge. 3, 15 Additionally, H. parasuis is often isolated from the lungs of pigs with pneumonia, 4, 15 however the role of H. parasuis in respiratory disease is unclear as other bacterial or viral pathogens are often identified in association with H. parasuis.
Haemophilus parasuis infection has been experi-mentally induced by intraperitoneal 10 or intranasal 1 inoculation of conventional swine and by inoculation of specific pathogen free (SPF) or cesarean-derived, colostrum-deprived (CDCD) pigs by intratracheal, 11 aeroso1, 6, 7, 18 or intranasal 13 routes. Polyarthritis and polyserositis, typical of natural H. parasuis infection, were produced by these methods. Intranasal inoculation of conventional pigs with a high dose of H. parasuis resulted in a fibrinosuppurative bronchopneumonia, but not typical polyserositis and polyarthritis. 1 Although there are prior reports of experimental reproduction of H. parasuis infection in both conventional and naive swine, little in known about initial sites of replication or the sequence of events which follows a respiratory challenge of H. parasuis. The purpose of this investigation was to describe the clinical, bacteriologic, and morphologic findings at various time points following intranasal challenge of CDCD pigs with H. parasuis.
Materials and methods
Experimental animals. Twelve CDCD pigs were raised in isolation and purchased from a commercial source at 5 wk of age. Upon arrival at the isolation facility a single nasal swab was obtained from each pig and was determined negative for H. parasuis following inoculation on blood agar cross-streaked with Staphylococcus epidermidis. Pigs were housed in isolation rooms with concrete floors and automatic ventilation, fed an 18% corn-soybean meal ration, and provided water ad libitum.
Challenge strain. Haemophilus parasuis was isolated from the pericardium of a pig submitted to the Iowa State University Veterinary Diagnostic Laboratory with lesions of severe polyserositis, polyarthritis, and meningitis. To minimize the effects of in vitro procedures on virulence, the isolate was passed twice in vitro and stored at -70 C.
Challenge preparation. The H. parasuis isolate was thawed at room temperature, grown overnight in supplemented M96 broth, and inoculated onto supplemented pleuropneumonialike organisms (PPLO) agar as described previously. 16 Plates were incubated at 37 C for 18-24 hr. Bacteria from each plate were harvested in 5.0 ml cold, sterile, phosphate-buffered saline solution (PBS), pH 7.2. The bacterial suspension was centrifuged (5 min at 3,000 x g), the supematant discarded, and bacterial cells resuspended in 4.0 ml PBS. Standard plate count of the challenge inoculum was 2.2 x 10 9 colony-forming units (CFU)/ml. Experimental design. Control and principal groups were housed separately in isolation rooms. Eight control pigs were inoculated with 0.5 ml of the challenge inoculum in each nostril to give a total inoculum dose of approximately 2 x 10 9 CFU. Four control pigs were inoculated with 0.5 ml of sterile PBS in each nostril. Clinical signs were monitored and rectal temperatures were obtained and recorded 3 times daily. Two pigs from the principal group and 1 pig from the control group were necropsied at 12, 36, 84, and 108 hours post inoculation. Gross lesions were recorded and samples obtained for bacterial isolation and microscopic examination.
Bacterial isolation. Specimens for bacterial culture included blood, tonsil, lung, liver, spleen, and swabs from the nasal cavity, trachea, pericardium, pleura, peritoneum, meninges, and synovia. Specimens were cultured by direct inoculation of both blood agar cross-streaked with S. epidermidis and tubes of supplemented M96 broth. 16 Broth cultures were incubated overnight at 37 C, then inoculated onto blood agar plates. Blood agar and M96 broth were examined after 24 and 48 hr incubation at 37 C. Representative colonies of bacteria isolated from each site were identified biochemically as H. parasuis and submitted to the Iowa State University Veterinary Diagnostic Laboratory for confirmation.
Microscopic examination. Nasal turbinates, tonsil, trachea, lung, brain, liver, spleen, lymph node, heart, joint capsule, and any tissues with adherent exudate were collected in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 4 µm, and stained with hematoxylin and eosin (HE). Histologic lesions were evaluated by light microscopy.
Results
All control pigs remained clinically normal throughout the experiment and did not have lesions or positive bacterial cultures at necropsy.
Clinical evaluation. The 2 pigs euthanized and examined at 12 hours PI did not have clinical signs or elevations in rectal temperatures. At 16 hours PI 5 of 6 inoculated pigs were slightly lethargic and had mild elevations in rectal temperature. By 36 hours PI 2 of 6 pigs were reluctant to move and had rectal temper-atures of 41.6 C. When forced to move they were nonweight bearing on one limb. Remaining pigs (4 of 4) developed similar elevations in body temperature at 60-70 hours PI and additional clinical observations included swollen joints, mucopurulent nasal discharge, and lateral recumbency. At 84 hours PI 1 of 4 pigs was found dead and at 108 hours PI 1 of 2 pigs was found dead.
Macroscopic findings. In pigs euthanized and necropsied at 12 hours PI gross lesions were mild and consisted of moderate amounts of cloudy, straw-colored fluid within the pleural, pericardial, and peritoneal cavities. At 36 hours PI fibrin clots were present in the pericardial, pleural, and peritoneal fluid, and the hock, carpal, and stifle joints were distended by variable amounts of fibrinopurulent exudate. Pigs examined at 96 and 108 hours PI had large amounts of partially organized fibrinopurulent exudate within the pericardial, pleural, and peritoneal cavities. This exudate often covered the serosal surface and was focally adherent to the abdominal organs. In 1 male pig examined at 96 hours PI and 1 male pig examined at 108 hours PI, there was extension of the exudate into the vaginal tunics producing a fibrinopurulent periorchitis. Joint lesions were most severe at 96 and 108 hours PI as the joint capsule was markedly distended by large amounts of fibrinopurulent exudate which often extended into the adjacent periarticular soft tissues and fascial planes. There was no evidence of erosion or ulceration of the articular cartilage in any of the pigs examined. The livers of all inoculated pigs examined at 36, 96, and 108 hours PI were slightly pale and mottled dark red to tan.
Microscopic findings. Microscopic lesions were limited to the nasal mucosa in pigs sampled at 12 hours PI and consisted of mild to moderate patchy infiltrates of neutrophils in the nasal submucosa and focally intense aggregates of neutrophils within the nasal mucosal epithelium (Fig. 1) . Similar lesions were present at 36 (1 of 2 principals), 84 (1 of 2 principals), and 108 (2 of 2 principals) hours PI. Sections from both control and principal pigs contained focal loss of cilia and detachment of the nasal mucosa which were interpreted as artifacts due to processing and handling of the tissues.
Synovial lesions were present in all principals examined after 12 hours. In 1 of 2 principal pigs examined at 36 hours PI, the synovium was edematous and capillaries were congested. In the other principal examined at 36 hours PI, the joint lesions consisted of fibrinopurulent synovitis. The synovial membrane surface was focally covered by exudate composed of moderate amounts of fibrin and variable numbers of neutrophils (Fig. 2) . The loose connective tissue of the synovia was edematous and infiltrated by scattered neutrophils. Capillaries in the synovia were congested and large numbers of neutrophils were adherent to the capillary endothelium. In all principal pigs examined at 84 and 108 hours PI, joint lesions were qualitatively similar to lesions present at 36 hours PI but more severe in extent and distribution (Fig. 3) . Additionally, increased numbers of lymphocytes in the subepithelial connective tissue of the synovia were found at the later time points.
Inflammation was present at 36, 84, and 108 hours PI on the pleural surface of the lung and peritoneal surfaces of the liver, spleen, and small intestine. The exudate consisted of variable amounts of fibrin, numerous neutrophils, lesser numbers of macrophages, Figure 2 . Synovium, 5-week-old pig, 36 hours PI. There is a focal accumulation of fibrinopurulent exudate adhered to the synovial membrane surface. The subsynovium is edematous. HE. Bar = 50 µm. and scattered small aggregates of basophilic granular material.
Microscopic lesions in the lung were detected in 1 principal examined at 36 hours PI. In this pig, scattered interlobular septa were distended by serous exudate, moderate numbers of neutrophils, lymphocytes, and macrophages, and interlobular lymphatics were dilated and contained scant eosinophilic material. In adjacent lobules, there were focally extensive areas in which alveolar lumens contained variable numbers of neutrophils, macrophages, and scant amounts of fibrin. Within these areas alveolar septal capillaries were congested, and occasional bronchioles contained low numbers of neutrophils.
Bacteriologic findings. Results of bacterial cultures are presented in Table 1 . In general, bacterial cultures were either sterile or yielded pure cultures of H. parasuis. At 12 hours PI, H. parasuis was recovered from the nasal cavity and trachea. Haemophilus parasuis was isolated from blood cultures only in pigs examined at 36 hours PI. Positive isolations from systemic tissue sites were present in all pigs examined at 36, 84, and 108 hours PI; however, the number of positive culture sites per pig varied from 1 to 5.
Discussion
In the present study, intranasal inoculation of CDCD swine with a recent field isolate of H. parasuis resulted in typical clinical signs and gross and microscopic lesions of fibrinous polyserositis and polyarthritis which resemble field cases of H. parasuis infection. Previous reports have described experimental reproduction of H. parasuis infection in SPF or CDCD swine by intratracheal, 11 ,17 aeroso1, 6, 7, 18 or intranasal routes. 13 These Table 1 prior studies focused on virulence or immunogenic differences among H. parasuis serotypes or strains and do not report the mucosal and systemic sites of bacterial replication at different time points or describe the microscopic lesions following a respiratory challenge of H. parasuis.
Although H. parasuis is often isolated from the lungs of pigs with pneumonia, 4,15 other bacterial or viral pathogens are often identified. Determination of the ability of H. parasuis to produce pneumonia in the absence of other infectious agents would be useful. Pneumonia, as determined by gross examination, has not been a feature of previous reports of H. parasuis infections in CDCD swine. 6, 7, 17, 18 This is in agreement with the present study in which H. parasuis was not isolated from lung, none of the pigs had macroscopic evidence of pneumonia, and only 1 of 8 pigs had a small focal area of suppurative bronchopneumonia detected on microscopic examination. A recent abstract 1 describes gross and microscopic lesions of fibrinosuppurative bronchopneumonia following intranasal inoculation of conventional pigs with a large dose of a concentrated H. parasuis inoculum. Typical systemic lesions of polyserositis and polyarthritis were not found in that study. The apparent discrepancy between that report and the current and other studies in SPF or CDCD may be due to differences in the inoculum dosage, virulence differences of the H. parasuis strain used, or concurrent infectious agents present in the conventional swine. The weight of experimental evidence suggests that H. parasuis infection by itself does not produce significant pneumonic lesions. Evaluation of additional isolates may detect strains which have a tropism for the lung and produce significant pneumonia. The ability of H. parasuis to produce pneumonia in swine with concurrent viral respiratory infections such as PRRSV, swine influenza virus, or porcine respiratory coronavirus remains to be determined.
Determination of the sequence of events following inoculation are useful in defining the pathogenesis of H. parasuis infection. A study which examined H. parasuis isolations from swine at slaughter detected H. parasuis in the nasal cavity of swine, but failed to detect it in the tonsil. 9 In the present study the earliest lesion detected was a purulent rhinitis in pigs sampled at 12 hours PI and H. parasuis was reisolated from the nasal cavity of these pigs. Haemophilus parasuis was not isolated from the tonsil in pigs at any time point. These findings suggest that H. parasuis may colonize the nasal cavity as the inial event in infection and the tonsil may not be important as a site of mucosal colonization. This is the first study which has reported findings in the nasal turbinate following experimental infection with H. parasuis. Purulent rhinitis was identified as early as 12 hours PI and persisted to the end of the study. The reproduction of nasal discharge and rhinitis in this report is interesting, since a previous survey of H. parasuis isolates reported isolation of H. parasuis from pigs with mucous nasal discharge or rhinitis. 15 Additionally, a report, which investigated the role of Pasteurella multocida and H. parasuis in progressive atrophic rhinitis, identified mild nasal turbinate atrophy in pigs naturally infected with H. parasuis and suggested that H. parasuis may play a role as an initiating factor in P. multocida infection and subsequent progressive atrophic rhinitis. 2 In the current report, large numbers of H. parasuis were inoculated directly into the nasal cavity. This infectious dose is likely in excess of natural exposure, and therefore the ability of H. parasuis to produce significant nasal lesions under field situations is not known.
Morphologic lesions at systemic sites and reisolation of H. parasuis from systemic sites were first present at 36 hours PI. Blood cultures were positive only at 36 hours PI and suggest that invasion of the blood stream occurred between 12 and 36 hours PI. The spectrum of lesions at systemic sites included synovitis, pericarditis, pleuritis, peritonitis, and, in two male pigs, periorchitis. These lesions were qualitatively similar at 36, 84, and 108 hours PI; however, lesions became progressively more severe and extensive. Meningitis was not detected in this study, but H. parasuis was isolated from a meningeal swab of 1 pig at 84 hours PI. Meningitis is described in field cases 12 and has been a sporadic finding in experimental infections. 6 H. parasuis was isolated less frequently from systemic sites at later time points, and lesions with extensive inflammation were often negative at 84 and 108 hours PI. These findings are in agreement with a previous report in which H. parasuis was readily recovered from pigs in the acute stages of experimental infection, but was isolated only sporadically from pigs with lameness at later time points. 11 In addition many field cases with fibrinous polyserositis and polyarthritis are culture-negative. 12 The failure to recover an organism from these cases may be due to factors such as prior antibiotic therapy, prolonged postmortem interval, or improper sample collection and handling. In some cases negative culture results may be because the organism is no longer present in the lesion or is present at very low levels. Additional diagnostic methods such as immunohistochemistry or enzyme-linked immunosorbent assay to identify H. parasuis antigens in tissues or exudates would be useful in both experimental and diagnostic situations.
This report suggests that H. parasuis colonizes the nasal turbinates and produces a mild rhinitis as an initial event in the pathogenesis of H. parasuis infection of CDCD swine. Bacteremia follows with bacterial
